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RESUMEN 
A lo largo del aæo 2001 el PIB de Argentina cay￿ un 20% y el ratio de inversi￿n 
sobre el PIB decreci￿ mÆs de un 20%. El gobierno realizo diversos anuncios de 
cambios en la pol￿tica de tipos de cambio para ayudar a la recuperaci￿n de la 
econom￿a. Al mismo tiempo, la balanza comercial tuvo un fuerte superÆvit y la ratio 
deuda externa sobre el PIB se increment￿ tanto que oblig￿ al gobierno argentino a 
suspender pagos tras devaluar el peso un 40%. Exploramos la relaci￿n entre la 
suspensi￿n de pagos y la expectativa de devaluaci￿n. Encontramos que 
dependiendo del nivel de deuda y dada una expectativa de devaluaci￿n, dos tipos 
de crisis pueden ocurrir: si el nivel de deuda es bajo el gobierno devalœa pero no 
suspende pagos; para un nivel de deuda mÆs alto el gobierno devalœa y suspende 
pagos para cancelar el coste futuro de pagar la deuda. Hemos calibrado el modelo 
para recoger las principales caracter￿sticas de la crisis Argentina y mostramos que 
el ratio de la deuda externa sobre PIB se encontraba en la zona de crisis donde 
para el gobierno era ￿ptimo devaluar y suspender pagos internacionales. 
 




Throughout the year 2001 the Argentine real GDP fell by 20 percent and the 
Investment Rate decreased by more than 20 percent of the GDP. The government 
made several announcements on changes in exchange rate policy in order to assist 
the recovery of the economy. At same time, the Trade Balance produced a huge 
surplus and the Argentine External Debt over GDP ratio increased so much that it 
forced the Argentinian government to default and, afterwards, devalue the peso 40 
percent. We explore the relationship between default and the expectations on 
devaluation. We find that depending on the level of debt and given an expectation 
of devaluation two types of crises can arise: if the level of debt is low the 
government devalues but does not default; for a higher level of debt, the 
government devalues and defaults to cancel the future cost of repaying the debt. 
We have calibrated our model to match the main features of the Argentine crisis 
and we show that the External Debt over GDP ratio was in a crisis zone where the 
government found it optimal to default and to devalue. 
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Throughout the year 2001 the Argentinian GDP fell by more than 20 percent and investment
decreased by more than 5 percent of GDP. At the same time, the trade balance yielded a
surplus, and foreign reserves fell dramatically. The ratio of external debt to GDP increased
so much that it forced the Argentinian government to default in December 2001. Afterwards,
in January 2002, the government devalued the peso by 40 percent. Figure 1 documents these
facts.
[Figure 1 about here.]
What happened during 2001 in Argentina? On March 16, President De La R´ ua rejected
the plan presented by Economics Minister L´ opez Murphy to reduce the ﬁscal deﬁcit. The
new minister, Domingo Cavallo presented a new economic plan in the lower house of the
Argentinian congress. On March 28, the congress refused to allow Cavallo to cut government
salaries and pension expenditure, and the government sold debt to cover the deﬁcit. Between
April and August, several announcements on changes in the exchange rate policy were made.
First, on April 12, Cavallo announced that the peso would peg to the euro (and maybe to the
yen). In May, the government announced economic plans that included currency changes,
and, on June 18, the Argentine government announced a complex set of new economic
policies, including the installation of multiple exchange rates to help the country’s exporters.
In July, the Province of Buenos Aires announced the issue of a new currency to pay bills (the
patac´ on) and in August, the “Banco de la Naci´ on” limited sales of dollars to a one-to-one
rate with the peso.
[Figure 2 about here.]
Figure 2 reports the daily series of Argentinian reserves. As the announcements on
changes were made, the reserves fell. An IMF aid package in September led to a recovery
of reserves. But, on October 30, the government could not sell new debt and started to
restructure its debt, ﬁnally forcing pension funds to buy government bonds. On December
23, the government defaulted, and, on January 11, 2002, the government devalued the peso,
after a week of suspended convertibility.
3In this paper we will consider a simple small open economy with three assets - domestic
capital, foreign securities and public debt - to study the government’s incentives to devalue
and to repay or default on the debt. We will show that expectations on devaluation account
for the default on debt.
Our theory is simple. As the expectations of devaluation increase, domestic agents
modify their portfolio by reducing their investment in domestic capital and increasing their
foreign asset holdings. This reduces GDP and tax revenues. We assume that once a govern-
ment devalues, the expectations vanish and the economy recovers its past levels of investment
and GDP. A government has an incentive to devalue so as to increase the future levels of
output, consumption, and capital stock. However, if a government devalues, in the future it
requires a higher fraction of GDP to repay its external debt (which is denominated in for-
eign good). In consequence, the government policy of devaluation faces a trade-oﬀ between
recovering the economy, and increasing the future cost of repaying the debt.
Our main result shows that under a speculative attack the optimal government policy
depends on its level of debt. If the level of debt is low, the government devalues to increase
capital but does not default. For higher levels of debt, the government does not devalue and
repays its debt because the cost of a default is higher than the beneﬁts of a devaluation.
Finally, for suﬃciently high levels of debt, the government defaults, because repaying the
debt is too costly, and devalues, once the default eliminates the future cost of repaying
the debt. Our theory explains why we sometimes observe “good” devaluations, where the
economy recovers or “bad” experiences where devaluations take place only after government
default, and as a result the economy pays a severe productivity cost that reduces investment
and output (as in Argentina in 2002).
We calibrate our model to match the main features of the 2001 Argentinian crisis:
in particular we reproduce the investment rate, the government expending over GDP, the
external debt over GDP in 2000 before the crisis and we match the reduction in investment
rate, the increase in foreign holding, and the increase in trade balance surplus observed
throughout 2001 in Argentina. We show that the level of Argentinian debt (45% over GDP)
would be in a sure zone if the government had not made the announcements of changes in
4the exchange rate regime: that is, if the expectation of devaluation had not existed. We
also show that for the probability of devaluation consistent with the risk premium of the
Argentinian Government bonds nominated in dollars issued in April 2001 the external debt
of Argentina was in a crisis zone where the government found it optimal to default and to
devalue.
The most closely related paper is that of Cole and Kehoe on the 1986 Mexico crisis.
The similarities can be found in that the government cannot commit itself and behaves
strategically. Furthermore, the government cannot use income taxes to reduce the external
debt. The diﬀerences can be seen in that the source of panic in our model are the consumers
who expected a devaluation in the following period. In this sense, our model shows that,
when the external debt is denominated in foreign currency, speculative attacks based on
announcement of change in the exchange rate policy can generate a debt crisis.
The paper proceeds as follows. In the next section we present the economic environ-
ment. Section 3 presents the deﬁnition of equilibrium. Section 4 characterizes the optimal
behavior of private agents. Section 5 characterizes the levels of debt for which the govern-
ment always devalues and never defaults and in section 6 we show that an expectation of
devaluation with default can exist. Section 7 characterizes government behavior in a self-
fulﬁlling crisis and section 8 provides a numerical exercise for the Argentinian case. Finally,
in the last section we conclude.
2 The economic environment
There are three agents in the economy –domestic consumers, international bankers, and
government– and three assets –domestic capital, K, foreign security, A, and public debt, B.
Both A and B are denominated in foreign good and can be exchanged for domestic goods
at the real exchange rate e.
The international bankers have perfectly elastic demand for government debt at price
q and perfectly elastic supply of the foreign security at price 1/r∗. The government provides
an amount of public good g, obtains revenue from income taxes, τ, and issues public debt,
B0. Finally, domestic consumers are the owners of the capital, k, and foreign holdings, a,
and they inelastically supply a unit of labor, and derive utility from private consumption
5and the government good.
The consumers
There is a continuum with measure one of identical, inﬁnitely lived consumers who consume,





t (ct + v(gt))
where ct is private consumption and gt is government consumption. The assumption of risk
neutrality of consumers greatly simpliﬁes the modelling of consumer behavior as in Cole and
Kehoe (1996). We assume that 0 < β < 1 and that v is continuously diﬀerentiable, strictly
concave, and monotonically increasing. We also assume that v(0) = −∞. The households’
income, from foreign security holdings from previous period a and factor payment (labor and
capital), is devoted to paying taxes, consuming domestically produced goods c, and investing
in domestic capital k0 and in foreign securities a0. The consumer’s budget constraint is
ct + kt+1 + et[at+1 + Φ(at+1)] = (1 − τ)α(zt)θ(et,et−1)f(kt) + etr
∗at
where r∗ is the international interest rate in foreign good, and e ∈ {e, ¯ e} is the real exchange
rate (pesos per dollar). We normalize e = 1. Here kt is the consumer’s individual capital
stock; α is a multiplicative productivity factor that depends on whether or not the govern-
ment has ever defaulted, denoted by the indicatrix z, and 0 < θ < 1 is another productivity
factor that depends on whether the government devalues or not; τ, with 0 < τ < 1, is the
constant proportional tax on domestic income; and f is a continuously diﬀerentiable, con-
cave, and monotonically increasing production function that satisﬁes f(0) = 0, f0(0) = ∞,
and f0(∞) = 0. The consumer is endowed with K0 units of capital and a0 units of foreign
security at period 0. Finally, there is also an investment cost on international securities,
represented by an increasing, convex function Φ(at+1), with Φ0(0) = 0. The existence of this
function allows us to ﬁnd the optimal allocations of foreign security.1
There are three important assumptions. First, we are assuming that there is a tech-
nology that transforms domestic goods into foreign goods. The rate of transformation is
1This trick is a common one in the small open economy literature. Otherwise, under arbitrage, it turns
out to be diﬃcult to compute the amount of resources devoted to the foreign assets.
6the real exchange rate, et, and, in order to simplify the model, we assume that no changes
in nominal prices of domestic goods are expected or reported, so a nominal devaluation is
also a real devaluation: the government, in choosing et, also changes the real terms of trade
between the domestic good and the foreign good.2 Second, if the government decides to
default, there is a permanent negative productivity shock, as in Cole and Kehoe (2000) and
other literature on ﬁnancial economics. Finally, in order to determine the optimal level of
a devaluation we assume that the period in which the devaluation happens, the economy is
aﬀected by a transitory negative shock in productivity
θ(et,et−1) =
￿
θ if government devalues et > et−1
1 if government not devalues et = et−1
There are two formulations that would rationalize our assumption that productivity
falls after the government devalues. One scenario is that ﬁrms must renegotiate contracts
and, in the short term, ﬁrms cannot substitute foreign inputs. We could assume, for example,
that there is a foreign produced intermediate good, which cannot be substituted, whose price
increases after a devaluation.3 Another scenario which may rationalize our assumption is
that after devaluation the government increases trade taxes, set diﬀerent exchange rates for
exports and imports, or establishes quotas on trade. In summary, the government increases
distortions in the economy and reduces output.
The international bankers
There is a continuum with measure one of identical, inﬁnitely lived international bankers.






where xt is the banker’s private consumption. Analogous to Cole and Kehoe (1996) the
assumption of risk neutrality of bankers captures the idea that the domestic economy is
2This is a reduced form of a model where consumption and investment are composed of tradeable and
non-tradeable goods.
3To see how we can incorporate this scenario into our model, denote by F(n,k) the production function for
output as a function the price of the intermediate good n and capital k, and by p the price of the intermediate
good. Then, if we require that f(k) = maxnF(n,k) − pn, θ(et,et−1)f(k) = F(n∗,k) − p(et/et−1)n∗, where
n∗ = argmaxF(n,k)−pn we can reinterpret our model as one in which trade disruptions induce a production
loss.
7small compared to world ﬁnancial markets. Each banker is endowed with ¯ x units of the
consumption good in each period and faces the budget constraint
xt + qtBt+1 + r
∗at ≤ ¯ x + ztBt + at+1
where qt is the price of one-period government bonds that pay Bt+1 in period t + 1 when
zt+1 = 1, that is, the government decides to repay its debts, and 0 if the government decides
not to repay, i.e., zt+1 = 0.
The government
There is a single government, which is benevolent in the sense that its objective is to maximize
the welfare of the consumers. In every period, the government makes three decisions: (i) it
chooses the level of government consumption, gt, ﬁnanced by household income taxes and
by a new borrowing level Bt+1; (ii) it decides whether or not to default on its old debt,
zt ∈ {0,1}; (iii) it chooses the real exchange rate, et. Its budget constraint is
gt = τα(zt)θ(et,et−1)f(kt) + et[qtBt+1 − ztBt]
The government decides to pay, zt = 1, or to default public debt, zt = 0, and whether it
devalues et > et−1 or not et = et−1. As in Cole and Kehoe (1996, 2000), national productivity
is aﬀected by a default (i.e., α(z = 0) < α(z = 1)) and the government losses access to
international borrowing and lending after default. Finally, the market clearing condition for
the government debt is bt+1 = Bt+1, and we also assume that k0 = K0 and b0 = B0.
In each period, the value of an exogenous variable ξt is realized. We show that we can
construct equilibria where, if the level of government debt Bt is above some crucial level and
ξt is above another crucial level, then consumers will anticipate a devaluation and reduce
domestic investment. This creates a self-fulﬁlling debt crisis in the sense that the reduction
in domestic investment changes the government incentive to honor its debt. The government
chooses to default and then to devalue.
The timing
We assume that the timing of actions within each period is the following:
81. The government sells debt.
2. The international bankers, taking the price of debt as given, choose to buy or not to
buy the debt.
3. The government decides to default or not, and chooses the exchange rate and govern-
ment consumption.
4. The exogenous variable, ξ, is realized.
5. Consumers choose consumption and investment on the domestic and the foreign secu-
rities.
One crucial feature of our model is the timing of the consumers’ decisions. Given that
they observe the sunspot after government decision-making, the government is unable to
foresee the eﬀects of sunspot on the consumers’ decisions.
3 Equilibrium
As in Cole and Kehoe (2000), the government cannot commit itself either to honoring its
debt obligations or to following a ﬁxed borrowing and spending path. It also cannot commit
itself to modifying or not the real exchange rate, e. We closely follow Cole and Kehoe’s
recursive equilibrium deﬁnition in which there is no commitment and the agents choose their
actions sequentially.
When an individual consumer acts, he knows the following: his individual capital k,
and foreign assets holding a, the aggregate state s = (B,K,A,α1,e−1); the government’s
supply of new debt B0; the price that bankers are willing to pay for this debt q; the gov-
ernment’s spending, g, and default and devaluation decisions, z and e, respectively; and the
sunspot ξ. We deﬁne the state of the individual consumer as (k,a,s,B0,g,z,e,ξ). We denote
the government’s policy functions by B0(s), g(s,B0,q), z(s,B0,q) and e(s,B0,q); the price
function by q(s,B0); and by K0(s,B0,g,z,e,ξ), A0(s,B0,g,z,e,ξ) the functions that describe
the evolution of the aggregate capital and foreign asset stocks, all yet to be deﬁned. The
representative consumer’s value function is deﬁned by the functional equation
9Vc(k,a,s,B
0,g,z,e,ξ) = max
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The three policy functions of the consumers are c(k,a,s,B0,g,z,e,ξ), k0(k,a,s,B0,g,z,e,ξ)
and a0(k,a,s,B0,g,z,e,ξ). Because consumers are also competitive, we need to distinguish
between the individual decisions, kt+1 and at+1, and the aggregate values, Kt+1 and At+1.
In equilibrium, given that all consumers are identical, kt+1 = Kt+1 and at+1 = At+1.
As explained, the production parameters satisfy α(s,z) = 1 if the government has
not defaulted in the past and has not defaulted this period (otherwise, α(s,z) = α), and
θ(s,e) = 1 if the government has not devalued in this period (otherwise θ(s,e) < 1).4
When an individual banker chooses his new debt level, he knows his individual holdings
of government debt b, the aggregate state s, and the government’s oﬀering of new debt B0.
The state of an individual banker is deﬁned as (b,s,B0). The representative banker’s value
function is deﬁned by the functional equation
Vb(b,s,A,B
0) = max






s.t x + q(s,B
0)b
0 + r




x > 0, q(s,B
0)b








4Note that to deﬁne the equilibrium we write α and θ as functions of the state. In the next section, we
return to our original notation.
10Bankers are relatively passive: if ¯ x is suﬃciently large, they purchase the amount of bonds
oﬀered by the government as long as the price of these bonds satisﬁes
q(s,B







and the assumption that they behave competitively guarantees that they sell the amount of
foreign assets demanded by consumers if r∗ = 1/β.
The only strategic agent in the model is the government that makes decisions at two
points in time. At the beginning of the period, when the government chooses B0, the gov-
ernment’s state is simply the initial state s. Later, after it has observed the actions of the
bankers, which are summarized in the price q, it will choose whether or not to devalue, e,
and default, z, which in turn determines the level of government spending, g, and the levels
of productivity, α and θ. This choice is given by the policy functions g(s,B0,q), e(s,B0,q)
and z(s,B0,q). In consequence, at the beginning of the period the government knows how
the price that its debt will bring, q(s,B0), depends on this state and on the level of new
borrowing. The government also knows what its own optimizing choices g(s,B0,q(s,B0)),
e(s,B0,q(s,B0)) and z(s,B0,q(s,B0)) will be later. The government also realizes that it can
aﬀect consumption, c, domestic investment K0, foreign holdings, A0, and the production




0,g,z,e,ξ) + v(g) + βVg(s
0)}















We denote by B0(s) the government’s debt policy. At a later moment, the government makes
its decisions on default, z, and devaluation, e, which determines the level of α and θ and
the level of government spending, g. Given Vg(s), we deﬁne the policy functions g(s,B0,q),
e(s,B0,q) and z(s,B0,q) as the solutions to the following problem
11max
g,z,e E {c(K,A,s,B
0,g,z,e,ξ) + v(g) + βVg(s
0)}
s.t g − τα(s,z)θ(s,e)f(K) ≤ e[qB
0 − zB]




θ(e,e) if the government devalues








Deﬁnition of an equilibrium.
An equilibrium is a list of value functions Vc, for the representative consumer, Vb for the
representative banker, and Vg for the government; policy functions c, k0 and a0 for the
consumer, b0 and a0 for the banker, and B0, g, z and e for the government; a price function
q and an interest rate r∗; and equations of motion for the aggregate capital stock K0 and
foreign asset stock A0 such that the following conditions hold,
1. Given B0, g, z, e and ξ, Vc is the value function for the solution to the representative
consumer’s problem, and c, k0 and a0 are the maximizing choices.
2. Given B0, A0, q, and z, Vb is the value function for the solution to the representative
banker’s problem, and the value of B0 chosen by the government solves the problem
when b = B.
3. Given q, c, K0, A0, g, z and e, Vg is the value function for the solution to the govern-
ment’s problem ﬁrst problem, and B0 is the maximizing choice. Furthermore, given
c, K0, A0, Vg, and B0, then g, z and e maximize the consumer welfare subject to the
government’s budget constraint
4. q(s,B0) = βE z(s0,B0(s0),q(s0,B0(s0))), and r∗ = 1/β.
5. K0(s,B0,g,z,e,ξ) = k0(K,A,s,B0,g,z,e,ξ), A0(s,B0,g,z,e,ξ) = a0(K,A,s,B0,g,z,e,ξ)
and B0(s) = b0(B,s,B0).
12Finally, consumers and bankers know that the government solves its problem each
period, and therefore understand that, under some circumstances, the government will choose
to default and/or to devalue.
4 The optimal behavior of private agents
The bankers’ optimal behavior depends upon the expectations they have about the gov-
ernment’s future repayment decision z0. If bankers expect that z0 = 0, then they are not
willing to buy any debt unless the price is 0. If bankers expect that z0 = 1, then they are
willing to buy any amount of the government debt up to x at price β. If bankers expect
default to occur with probability π they are willing to purchase whatever amount of bonds
the government oﬀers up to x at price q = β(1 − π).
The consumers’ optimal policy depends solely on what they expect the values of the
productivity parameters α and θ will be next period. There are several cases.
No expectations of devaluation. We start ﬁrst with the cases where consumers have
no expectations of devaluation. Consumers believe that the government will not devalue in








0 = (1 − τ)α(z
0)θ(e,e)f(k) + er
∗a
If devaluation has occurred in period t and the government has already defaulted, it is




to set the level of foreign holdings a0 = 0, and to consume whatever output is left over
c
dd(K,a) = (1 − τ)α(0)θ(e,e)f(K) + er
∗a − k
d
their consumption after devaluation and default occur is
c
nd(k
d,0) = (1 − τ)α(0)f(k
d) − k
d
13If devaluation has occurred in period t and if the government has not defaulted, it is




to set the level of foreign holdings a0 = 0, and to consume whatever output is left over
c
dn(K,a) = (1 − τ)α(1)θ(e,e)f(K) + er
∗a − k
n




n,0) = (1 − τ)α(1)f(k
n) − k
n
If the government does not devalue and has not defaulted, it is optimal for consumers
to set the capital stock for the next period to the level kn, to set the level of foreign holdings
a0 = 0 and consume whatever is left over
c
nn
0 (K,a) = (1 − τ)α(1)f(K) + r
∗ae − k
n
and their consumption thereafter is cnn
0 (kn,0).
If the government does not devalue but has defaulted, it is optimal for consumers to
set the capital stock for the next period to the level kd, to set the level of foreign holdings
a0 = 0 and consume whatever is left over
c
nd(K,a) = (1 − τ)α(0)f(K) + r
∗ae − k
d
and their consumption thereafter is cnd(kd,0).
Expectations of devaluation. We are interested in studying the cases in which con-
sumers believe that the productivity parameter θ will be equal to θ(e,e) for the next period
because the government has not previously devaluated, but consumers believe that the gov-





















14If the government does not devalue and has not defaulted it is optimal for consumers










and consume whatever is left over
c
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If consumers believe that the government will devalue the next period (π = 1) and
the government does not devalue and has defaulted, it is optimal for them to set the capital




to set the level of foreign holdings adn and consume whatever is left over
c
nd









5 Devaluation without Default
In this section we will show that an equilibrium exists in which the government brakes the
expectations of devaluation imposing a cost to the economy in the current period and main-
taining in the future a higher level of debt. For low levels of debt a threshold on government
debt will exist under which the government prefers to bear the cost of a devaluation, so that
the subsequent recovery of the productivity will permit it to distribute this cost throughout
future periods. We will denote this level by b.
We suppose initially that the government always pays its debt5 and that the consumers
believe that the government will devalue in the following period, i.e. π = 1. The bankers do
not experience panic and always buy all the debt issued to the level x at the price q = β.
We will compare the payments that the government obtains by devaluing and not devaluing
5Later on we will show that this is so in equilibrium.


















n) − e(1 − β)B1
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(1)
while if not devaluing and not defaulting
V
nn
1 (s,B0,B1) = c
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1 (K0,a0) + v
￿
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That is to say, for low levels of debt, despite consumer expectations on devaluation, the
government does not devalue and repays its debt.
To determine the level of debt b, however, it is necessary to characterize the conduct
of the government relating to the new debt. It is optimal for the government to maintain a
constant level of spending gt+1 = gt and, hence, of its debt. Both depend on initial conditions
(K0,B0).
If the government has chosen to devalue, given that it is constant, government con-





n) + θ(e,e)(1 − β)f(K0)
i
− e(1 − β)B0 (4)
while government debt stays constant at
B








In the case that the government does not devalue, the constant government consumption





dn) + (1 − β)f(K0)
i
− (1 − β)B0 (6)
while government debt stays constant at
B






16Given initial conditions (K0,B0), when government consumption is constant, the gov-











We now argue that when government expenditure is constant, and for β suﬃciently

















When the constraint V dn ≥ V nn
1 is violated, i.e. B0 > b∗, in the proposed equilibrium
described above, there are two possibilities: the government may choose not to devalue, or
it may choose to devalue with a non-stationary expenditure by issuing a new debt level B1,
to be diﬀerent from Bd(B0,K0), and then maintain this level thereafter. Let B1(B0,K0,a0)
be the value of B1 that satisﬁes V dn (B0,B1) = V nn
1 (B0,B1), if such value exists. If no
such B1 exists, then it is optimal for the government not to devalue. We now present a
characterization of the equilibrium.
Proposition 1. For β < 1 suﬃciently close to 1 and et suﬃciently high, there exists a con-
tinuous (and increasing) function b(K,a) and a positive debt level b∗, such that the following
results occur.
(i) If 0 ≤ B0 ≤ b∗, then the economy converges to a stationary equilibrium with devalua-
tion, no default and constant government expenditure




n) + θ(1 − β)f(K0)
i
− ¯ e(1 − β)B0







(ii) If b∗ ≤ B0 ≤ b(K0,a0), then the economy converges to a stationary equilibrium with
devaluation, no default and the dynamics for the government expenditure is gd
1 < gd <
gd
2 and constant at this level thereafter, and for the government bonds B0 < B1 and
constant at this level thereafter.
(iii) If B0 > b(K0,a0), then the outcome is not in the devaluation no default equilibrium.
17[Figure 3 about here.]
The most interesting case is K0 ≤ kn, where the government issues new debt before
devaluing (Figure 3). The reason is that it tries to distribute the cost of the devaluation
among every period and to smooth its expenditure. If B0 is small the government does not
have any limit to issue new debt to maintain the public expenditure constant. After recovery
it can face the future higher payment of the debt with higher tax revenue. The highest level
of debt for which it is possible to transfer the cost of the devaluation to the new debt and
completely smooth the public expenditure is b∗.
If B0 > b∗ is not possible to distribute all the cost of the devaluation over time by
issuing new debt and therefore the government must transfer part of the cost to a reduction
of the public expenditure of the current period. If it tried to maintain the public expenditure
constant the cost of repaying the debt in the future would be so high that the government
would prefer not to devalue.
[Figure 4 about here.]
Proposition 1 establishes that there exists a level of debt that equalizes the beneﬁts of
the devaluation with the cost that this devaluation causes.6 First, a devaluation increases
the debt service in the future because as devaluation helps the recovery of the economy the
government issues more debt to smooth the public expenditure. Moreover, a devaluation also
means an increase in the future cost of repaying the debt. These two eﬀects are collected by
the term e(1−β)B1 in (1). Second, the devaluation makes consumer expectation disappear,
so that investment will increase from kdn to kn, with the consequent increase in consumption
and income. Note that while beneﬁts are independent of the level of debt, costs are increase
within it. Figure 4 reﬂects this intuition.
6 Devaluation with Default
When the level of debt is very high the government has no incentive to repay its debt.
With respect to the case where the level of debt was low, now the cost of productivity that
provokes a default is not high enough to oblige the government to repay its debt. Besides,
if the government decides not to repay its debt, it will also decide to devalue, since a future
6Note that the closer β is to one the relevant beneﬁts and costs are those provided in the future.
18cost of repaying the debt does not exist. Thus, expectations are eliminated and domestic
investment recovers.
This section characterizes two critical thresholds of debt. The ﬁrst one, denoted by
b, determines a zone where the government always repays and therefore never devalues.
The second, denoted by B determines another zone where the government never pays and
therefore always devalues.
The levels of debt between b and B constitute a crisis zone in which, if the consumers
expect a devaluation, this always happens and the government does not repay its debt and
devalues. On the contrary, if consumers do not panic the government will not devalue and
repays its debt. Furthermore, we will show that the optimal response of the government
consists of reducing its debt to escape from the crisis zone.
In order to show that a crisis zone can exist, we follow the strategy of Cole and Kehoe
(2000) and show that: ﬁrst, whenever the level of debt is lower than the critical level b, even
if consumers expected a devaluation and bankers decide not to buy the new debt (observing
the lower level of domestic investment), the government will not devalue and will repay
its debt; second, whenever the level of debt is higher than the other critical level B, even
if consumers do not expect a devaluation and bankers will buy all the debt issued, the
government will default and will devalue. These two levels of debt determine three zones:
(1) the no crisis zone, where the government does not devalue and repays its debt; (2) the
crisis zone without expectations of devaluation, where the government always defaults and
devalues; (3) the crisis zone, where if consumers believe that a devaluation will happen, the
government defaults and then devalues.
No Crisis Zone
To see how the government does not devalue and repay its debt, we study the case where
the government repays even if bankers do not buy government bonds and consumers expect
a devaluation (π = 1).
In this zone the level of debt satisﬁes two conditions. First, the government prefers not
to default and not to devalue than to default and devalue. Second, the government prefers
not to default and not to devalue than to devalue and repay. Finally, in order to show that
this equilibrium exists, we must show that the level of debt satisﬁes two conditions.we must
show that the upper threshold found in proposition 1 is lower than the threshold found in
19this case.
We will characterize the maximum level of debt (b) for which the government prefers
to repay and not devalue. We will assume that, given that consumers expect a devaluation,
π = 1, the bankers know that the government devalues only after defaulting on its old debt
B despite new debt issued B0 is oﬀered to international bankers. Given this conjecture, the
price of the new government bonds falls to q = 0.



















with B1 = 0 because bankers do not buy any government bonds, i.e., V dd(s,B0,0).
The two constraints on government debt, which must be satisﬁed simultaneously in








































1 ≡ cdd(K0,a0) − cnn






Let b(K,a) be the largest value of B0 for which the government weakly prefers to
repay its debt and not devalue, even if it cannot sell new bonds at a positive price, i.e.,
(V dd−V nn
1 )(¯ b(K0,a0),0) = 0. We refer to the range of debt value for which both constraints
are satisﬁed as the no crisis zone, B ∈ (b(K0,a0),b(K0,a0)]. The following proposition
establishes when we can ﬁnd a non-empty no crisis zone, and shows that in the equilibrium
characterized in proposition 1 the government always pays its debt.
Proposition 2. For β < 1 suﬃciently close to 1 and ¯ e suﬃciently high, there exists a
continuous (and increasing) function ¯ b(K,a) > b(K,a), such that there exists a non-empty
interval of levels of government debt B, b(K0,a0) < B < ¯ b(K0,a0) where the government
will not devalue and repays its debt.
20Crisis without expectations
In order to determine the zone where crisis with default can be possible, we show that
there exists a level of debt for which, even if consumers have no expectations on devaluation
(π = 0) and the bankers buy government debt, the government will default and then devalue.
This level of debt determines the zone where crisis can only occur if consumers believe that
a devaluation will take place in the next period.
Let be ¯ B(K0,a0) the lowest level of debt for which the government prefers to default
and devalue rather than not default and not devalue when no expectations on devaluation






0 is the government’s payoﬀ of not devaluing given by
V
nn
0 (s,B0,B1) = c
nn






n,0) + v (τα(1)f(k
n) − (1 − β)B1)} (9)
In consequence, for an intermediate level of government bonds, the government will
devalue and default if consumers expect a one-probability devaluation (π = 1), and repay
and does not devalue if consumers believe that no devaluation will occur π = 0. See Lemma
4 in the appendix for the characterization of the equilibrium for B > ¯ B.
Proposition 3. For β < 1 suﬃciently close to 1 and ¯ e suﬃciently high, there is a non-empty
interval of levels of government debt B, ¯ b < B ≤ ¯ B, for which crises with devaluation are
possible.
[Figure 5 about here.]
In summary, there exist four zones (see Figure 5): (1) If B ≤ b, the government devalues
but repays its debt; (2) If b < B ≤ ¯ b, the government does not devalue and repays its debt;
(3) If ¯ b < B ≤ ¯ B, if consumers reduce investments, the government devalues and does not
repay its debt; (4) If ¯ B < B, the government always defaults and devalues.
[Figure 6 about here.]
21The cost of the default is a fraction α(0) of the gross national product and therefore
independent of the level of debt, while the beneﬁts of the default are increasing in the level
of initial debt. Figure 6 represents this intuition. The level of debt ¯ B is the level of debt
such that beneﬁts and costs of a default are equal. It is important to realize that for levels
of debt lower than ¯ B the government always repays its debt if the consumers do not expect
a devaluation (π = 0), since, as opposed to Cole and Kehoe (2000), the panic is not felt by
the international bankers.
[Figure 7 about here.]
Figure 7 shows us the conditions under which the four zones exist. A default eliminates
the future cost of repaying the debt and always increases the beneﬁts of a devaluation. The
level of debt characterized by proposition 2, ¯ b, is the level of debt for which the beneﬁts of
a devaluation with default are equal to the net cost of a default. For levels of debt higher
than b and lower than ¯ b the government never defaults because the cost of a default is always
higher than the beneﬁts of a devaluation with default. Then the government always repays
its debt and does not devalue. Moreover, for levels of debt higher than ¯ b and lower than
¯ B the beneﬁts of a devaluation with default are greater than the net cost of the default.
Then the government defaults and devalues, because the net beneﬁts of the devaluation
compensate the net cost of the default. Finally, note that the beneﬁts of the devaluation
depends on consumer expectation. If the consumers have not expectations on devaluation
(π = 0), the beneﬁts of the devaluation are zero and the government never defaults and
devalues for levels of debt lower than ¯ B. In summary, for levels of debt between ¯ b and ¯ B the
equilibrium depends on the devaluation expectations of the consumers.
7 Self-Fulﬁlling Devaluation Crises
We can now characterize the optimal government behavior in equilibria in which devaluation
can occur with a positive probability 0 < π < 1 depending on realizations of the sunspot
variable ζ.
A self-fulﬁlling devaluation crisis arises when there are two possible equilibrium results,
one in which the government does not devalue and chooses to repay the old debt, and another
in which the government devalues and defaults on the existing debt. Self-fulﬁlling crises are
22possible in these equilibria for certain values of the fundamentals (K,B); the realization of
the sunspot variable determines which of these two results ensues.
In equilibrium, if ζ ≤ π and B is greater than the crucial level b(K,a), then consumers
predict that the government will devalue. Consumers reduce their investment in domestic
capital and increase their foreign asset holdings. This reduces output and tax revenues in
the next period and bankers are therefore not willing to pay a positive price for the new
debt oﬀered and thus provoke a default. If, however, ζ > π, then consumers predict that the
government will not devalue. Because ζ is uniformly distributed on the unit interval, π is
both the crucial value of ζ, and the probability that ζ ≤ π. If B is less than or equal to the
crucial level b(K,a), however, then no crisis can occur, no matter what the realization of ζ. If
ζ ≤ π, a crisis takes place if the debt is above b(K,a) and below the upper threshold, which
we now denote B(K,a,π) since this threshold will also vary with π. In previous sections we
have analyzed the limiting cases where π = 0 and π = 1.
Before characterizing government behavior in this equilibrium, we need to know for
what regions of (B,K) values a self-fulﬁlling devaluation crisis is possible and for what
regions, devaluation and default are the only outcome.
The lower threshold b(K,a) does not change. No crisis equilibrium is possible if the
government weakly prefers to repay its debt, even if it cannot sell new bonds and consumers
predict a devaluation. Explicit characterization of the upper threshold on debt B(K,a,π) is
more diﬃcult here because, as we shall see, optimal government policy will not, in general,
be stationary in the crisis zone. We can explicitly characterize the upper threshold on debt
under a stationary debt policy where the capital stock is equal to kn. Let Bs(π) be the













































































[Figure 8 about here.]
where we have denoted ˆ β = β(1 − π). As π tends to 0 this constraint tends to V dd −
V nn
0 (B,B) ≤ 0 in Lemma 4; hence Bs(0) = Bs.
Lemma 1. If the economy is such that, in the π = 1 crisis equilibrium, the stationary upper
threshold on debt implied by lemma 4 satisﬁes Bs(0) > b(kn) then for any probability π and
for K0 = kn, there is a non-empty region of debt levels b(kn,a) < B < B(kn,a,π).
We now construct an equilibrium in which devaluation and default occur with positive
probability. Suppose that K0 = kn and B0 > b(kn,a), and the government is faced with
the following choices in period 0: devaluate and default now; plan to run the debt down
to b(kn,a) or less in T periods if no devaluation occurs; or never run the debt down. For
each of these choices, we can calculate the expected payoﬀ. The equilibrium is determined
by the choice that yields the maximum expected payoﬀ. Assuming that B0 ≤ Bs(π), the
government maintains a constant level of government spending if a devaluation does not occur
but is possible. If the government plans to run its debt down to b(kn,a) in T periods, we
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Lemma 2. For any K0 and B0 ≤ Bs(π) − τα(1)(f(K0) − f(kn)), if we denote by V T the
government’s payoﬀ when its policy is to lower its debt to b(kn) in T periods while keeping
g constant, then a T ∈ {1,2,...,∞} that maximizes {V 1(B0),V 2(B0),...,V ∞(B0)} exists,
and the following are true:
(i) If K0 ≥ kn, as B0 increases, T(B0) passes through critical points where it increases
by one period. Furthermore, for π close enough to 0, there necessarily are regions of
B0 ≤ Bs(π) with the full range of possibilities T(B0) = 1,2,...,∞;
(ii) If K0 < kn, then the debt may increase in the ﬁrst period, but afterwards follows the
same characterization as in (i) since K1 = kn and B1 ≤ Bs(π).
We are now ready to characterize crisis equilibria
Lemma 3. For any π > 0 for which there exists a non-empty crisis zone b(kn,a) < B ≤
B(kn,a,π), there can exist a crisis equilibrium in which the transition function for capital






kn if B0 ≤ B(kn,a,π) and α = α(1) ξ > π







β if B0 ≤ b(kn,a) and z(s,B0,β) = 1
ˆ β if b(kn) < B0 ≤ B(kn,a,π) and z(s,B0, ˆ β) = 1
0 otherwise
and, depending on B0, the following results occur
(i) If K0 ≥ kn and B0 ≤ b(kn,a) then c0 = cnn(K0,a0) and all other equilibrium variables
are stationary: K = kn, a = 0, ct = cnn(kn,0) for t ≥ 1, B = B0−τα(1)(f(K0) − f(kn)),
g = τα(1)f(kn) − (1 − β)B q = β and e = e. In this case no devaluation occurs;
(ii) If b(kn,a) < B0 ≤ B(kn,a,π), then a devaluation and default occurs with proba-
bility π in the ﬁrst period and every subsequent period in which B > b(kn,a). If
B0 ≤ Bs(π) − τα(1)(f(K0) − f(kn)), optimal government policy involves running
down the debt to b(kn,a) in T(B0) periods, while smoothing government expendi-
tures as described in Proposition 6. If T(B0) is ﬁnite and a crisis does not oc-
cur, then following period T(B0), the equilibrium outcomes are those in (i). For
B0 > Bs(π) − τα(1)(f(K0) − f(kn)), the equilibrium converges to the outcome de-
scribed in Lemma 2 in at most two periods.
(iii) If K0 < kn and B0 ≤ b(kn,a), then there is no possibility of a devaluation in period 0,
and from period 1 onward, the outcomes correspond to those described in (i) if under
the government’s optimal policy, B1 ≤ b(kn,a) or in (ii) if not.
(iv) If B0 > B(K0,a,π), then the only outcome is the devaluation default outcome in
which c0 = cdd(K0,a0), g0 = τα(0)θ(e,e)f(K0), and all other equilibrium variables
are stationary:K = kd, c = cdd(kd,0), B = 0, a = 0, g = τα(0)f(kd), q = 0, and
e = e.
8 A Numerical Exercise
This section presents a numerical exercise whose parameters have been chosen so that the
initial period matches the situation of Argentina in 2000. We use the model to help us
interpret events in Argentina in 2001. We show that the crisis zone for our stylized model
of Argentina is fairly large, and that the evolution of the variables of the model matches the
evolution of the aggregate variables of Argentina’s economy during 2001.





t (ct + log(gt))
The technology and the feasibility constraint are given by
f(K) = AK
s
c + g + k
0 − (1 − δ)k ≤ AK
s + [qB




and the adjustment cost function is given by




The capital share in GDP was taken from Kydland and Zarazaga (2002), s = 0.4. The
discount factor β = 0.963 corresponds to an international interest rate of 3.84% that was
taken from the interest rate in 2001 of US. 1 year Government Securities Treasury bills.
The permanent drop of the productivity associated with a default is taken from Cole and
Kehoe (2000) and implies a fall in productivity of 5%, α(0) = 0.95. The temporary drop
of the productivity related to a devaluation is established to reproduce the reduction in the
investment rate observed between the year 2000 and 2001, θ(e,e) = 0.9892 that represents
a fall in productivity of 1.92%.
Setting the probability of devaluation π = 0.0473 the yield of the Argentinian Gov-
ernment bonds nominated in dollars with a year of maturity is 0.09 = [β(1 − π)]
−1 − 1 that
corresponds with the government bonds issued with those characteristics on April 19, 2001.
This means a risk premium of a 5.16% upon the Argentinian government bonds. The previ-
ous exchange rate to the crisis is ﬁxed in e = 1 and the exchange rate after the devaluation in
e = 1.4 that corresponds to the exchange rate set by the Argentine government on January
11, 2002. Table 1 shows the values of the parameters calibrated without solving the model.
The next six parameters φ1, φ2, τ, A, δ and a0 are calibrated solving the model. The
parameters φ1 and φ2 of the adjustment cost is ﬁxed to reproduce the the investment rate
in the Argentinian GDP 2000, i/y = 0.18, and the reduction in international reserves of the
27Central Bank that during the year 2001 reached 9200 million of dollars, 3.42% of the 2001
output. The tax rate and the TFP, A, are calibrated from the steady state budget constraint
of the government to reproduce the shares of government spending and public debt in the
Argentinian GDP 2000: , g/y = 0.19 and B/y = 0.45 respectively. We obtain a depreciation
rate of δ = 0.0815 for a capita-output ratio of K/Y = 3. Finally, the initial value of the
foreign assets a0 is chosen to reproduce the share in GDP of the trade balance in 2000, that
is to say, a surplus of 0.41%. Table 2 shows the values of the parameters.
[Table 1 about here.]
[Table 2 about here.]
With these values of the parameters and with K0 = kn the levels of debt that determine
the diﬀerent zones of the model are presented in Table 3. Consequently, the initial values
of debt for which a self-fulﬁlling devaluation crisis can occur in the ﬁrst period are between
19,59% and 236,78% of the output. The level of Argentinian debt over GDP in 2000 reached
45% of the output, which means that it was in the crisis zone. That means that given a
reasonable value for the expectations on devaluation in Argentina in 2001, a low ratio in
debt over GDP of 45% far below the maximum level of sustainable debt in the case of no
expectation existing, 236,78%, was enough to induce the government to default and devalue.
[Table 3 about here.]
9 Conclusions
We build a model of a small open economy, when the external debt is denominated in
foreign goods, to study the relationship between the announcements of change in exchange
rate policy and the government incentive to default or repay its debt. We ﬁnd that once the
announcements of the devaluation were made the government incentive to default changes.
The government defaults for levels of debt that, if the expectations of devaluation did not
exist, would always repay. That is, when the external debt is issued in foreign currency,
announcements of change in the exchange rate policy can generate a debt crisis.
The model is calibrated for the 2001 Argentinian crisis. We ﬁnd that for the external
debt over GDP ratio for the year 2000 (45% of GDP) and given expectations of devaluation
28consistent with the risk premium of the Argentinian Government Bonds issued in April 2001,
the Argentinian government was in a crisis zone where it found it optimal to default and to
devalue.
The main policy implications of our paper is that in countries where the government
cannot commit itself to honor its debt and peg to foreign currency a higher ﬁscal surplus is
needed to avoid debt crisis when speculative attacks may occur. This is similar to Cole and
Kehoe’s conclusions on the 1986 Mexican crisis.
Moreover, our paper also shows that the exchange rate is not a political instrument
which can be used to manage structural problems and reduce the ﬁscal deﬁcits of the gov-
ernment, especially when the external debt is denominated in foreign currency. Exchange
rate is a price and consumers will behave according to expectations of its future level. If
policy makers announce change in the exchange rate to “improve” the competitiveness of
the economy in order to postpone ﬁscal adjustment plans, the speculative attack over the
local currency induced by the domestic consumer can induce debt crisis for levels of external
debt that otherwise will never be defaulted.
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30A APPENDIX
A.1 Proof of Proposition 1
Proof. We will deﬁne the following diﬀerence as
(V dn−V nn



















τα(1)f(knn) − (1 − β)B1)
￿o
where Hdn−nn
1 ≡ cdn(K0,a0) − cnn






Notice that (V dn − V nn
1 )(0,B1) > 0 as β → 1, which requires cnn








τα(1)f(kdn) − (1 − β)B1
￿
> 0.7 In addition, observe that
(V dn − V nn
1 )(B0,B1) → −∞ as B0 → (τα(1)θ(e,e)/e)f(K0) + βB1 ≡ Bdn−nn
0 (B1,β).
We need to characterize optimal government behavior with respect to B1. It is optimal for
the government to maintain a constant level of spending gt+1 = gt and, hence, of its debt. Both
depend on initial conditions (K0,B0).
If the government has chosen to devalue, given that it is constant, the government consump-
tion is given by
gd(B0,K0) = τα(1)
h
βf(kn) + θ(e,e)(1 − β)f(K0)
i
− e(1 − β)B0
while government debt stays constant at






If the government does not devalue, the constant government consumption will be given by
gn(B0,K0) = τα(1)
h
βf(kdn) + (1 − β)f(K0)
i
− (1 − β)B0
while government debt stays constant at




let be k∗ such that f(kn) = θ(e,e)f(k∗), for all K0 < k∗ then Bd = B1 > B0; for all K0 = k∗
then B1 = B0; and, for all K0 > k∗ then B1 < B0. Notice that kn < k∗.
Given initial conditions (K0,B0), when the government consumption is constant, the govern-




1 (B0,Bn(B0,K0)). If these payoﬀs satisfy the constraint V dn ≥ V nn
1 , then this is an equi-
librium outcome.
We argue that when the government expenditure is constant, and for β suﬃciently close to










7This condition is guaranteed if the adjustment cost is suﬃciently high so that kdn−(r∗−1)adn+Φ(adn)−
(1 − τ)α(1)[f(kn) − f(kdn)] > kn which implies cnn
0 (kn,0) > cnn
1 (kdn,adn), and also gd
1 > gn
1.
31let us write this constraint as (V dn − V nn
1 )(b∗) = 0 where
(V dn − V nn
1 )(b∗) = Hdn−nn
1 + v
￿
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where Hdn−nn
1 ≡ cdn(K0,a0) − cnn
1 (K0,a0) + β
￿
cnn




Notice that (V dn − V nn
1 )(0) > 0 as β → 1, and that (V dn − V nn
1 )(b) → −∞ as b →
τα(1)/e[θ(e,e)f(K0) + βf(kn)/(1 − β)] ≡ Bdn−nn
0 (Bd(b,K0),β), i.e., gd(b∗,K0) goes to zero. Fi-
nally diﬀerentiating V dn − V nn
1 yields




when ¯ e is suﬃciently high.
Consequently, since (V dn − V nn
1 ) is continuous in b, there is a unique b∗ such that 0 < b <
Bdn−nn
1 (Bn(b,K0),β). That is, (V dn − V nn
1 )(b∗) = 0 and (V dn − V nn
1 )(b) > 0 for all B < b∗, while
(V dn − V nn
1 )(b) < 0 for all B > b∗.
Whenever the constraint V dn ≥ V nn
1 is violated, i.e. B0 > b∗, in the proposed equilibrium
described above, there are two possibilities: the government may choose not to devalue, or it may
choose to devalue with a non-stationary expenditure by issuing a new debt level B1, to be diﬀerent
from Bd(B0,K0), and then maintain this level thereafter.
Let B1(B0,K0,a0) be the value of B1 that satisﬁes V dn (B0,B1) = V nn
1 (B0,B1), if such value
exists. If no such B1 exists, then it is optimal for the government not to devalue.
We now argue that there is a continuous increasing function b(K,a) such that for all b∗ ≤
B0 ≤ b(K0,a0) it is optimal for the government to devalue in period 0 and maintain a constant
level of government expenditure diﬀerent from period 1 on. In this case the government maintains
a level of debt that diﬀers from B0. For all B0 > b(K0,a0), it is optimal for the government not
devalue. We then let
b(K0,a0) = max B0(B1,K0,a0)
subject to
0 ≤ B1 ≤ B1(B0,K0,a0)
the constraint B1 ≤ B1(B0,K0,a0) binds if and only if the constraint V dn ≥ V nn
1 binds in period 0
when B0 = b(K0,a0), i.e. V dn (B0,B1) = V nn
1 (B0,B1). Diﬀerentiating
￿













when e is suﬃciently high. Furthermore, since (V dn − V nn
1 )(0,B1) > 0 as β → 1 and (V dn −
V nn
1 )(B0,B1) → −∞ as B0 → Bdn−nn
0 , then there is a unique B0(B1) for which the constraint
holds with equality; due to ∂(V dn − V nn
1 )(B0,B1)/∂B0 6= 0 the implicit function theorem implies
that B0(B1,K0,a0) is continuous. Since B0(B1,K0,a0) is continuous in B1, it achieves a maximum
on the compact constraint set.
32The dynamics of the government expenditure and government bonds are the following,
gd
1 = τα(1)θf(K0) + ¯ eβB1 − ¯ eB0
gd
2 = τα(1)f(kn) − ¯ e(1 − β)B1
In order to prove part (ii) recall ﬁrst that for ¯ e suﬃciently high
∂(V dn−V nn)(B0,B1)
∂B0 < 0. Also
observe that for ¯ e suﬃciently high, if gd
2 − gd
1 > 0 then
∂(V dn−V nn)(B0,B1)





∂B1 < 0. In consequence, the implicit function theorem implies dB1
dB0 a positive
sign for the former, and a negative for the latter.
Second, observe that as B0 increases up to b∗, a positive sign is resulting in (V dn−V nn)(B0,B1(B0))
with constant public expenditure as indicated in part (i). However, as B0 sets beyond b∗ this posi-
tivity does not hold any longer, so an equilibrium with non constant public expenditure may exist.
Having reached the threshold B0 = b∗ and then Bd = Bd∗ = b∗ +
τα(1)
¯ e [f(kn) − θf(K0)], the







+ ¯ e(B0 − B1) = ¯ e
h
(B0 − b∗) − (B1 − Bd∗)
i
(10)
Now, beyond b∗ the ﬁrst increment is always positive. So the public expenditure can only be
increased in this case by increasing government issue B1, and lower than the diﬀerence B0 − b∗.
Note that no other case is possible. Think of a decrease in public expenditure gd
2 − gd
1 < 0. As
we indicated above, the implicit function theorem implies that dB1
dB0 < 0. If initially B0 = b∗
and afterwards it were increased, then B1 would be consequently increased B1 > Bd∗. This is a
contradiction since (10) implies a positive increase in the public expenditure.
Finally it is easy to show that gd
1 < gd < gd
2, since gd
1 − gd = −¯ eβ
h
(B0 − b∗) − (B1 − Bd∗)
i
and gd
2 − gd = ¯ e(1 − β)
h
(B0 − b∗) − (B1 − Bd∗)
i
.
A.2 Proof of Proposition 2
Proof. The proof follows the following steps.
First, we deﬁne the diﬀerence (V dn − V nn
1 )(B0,B1) and (V dd − V nn
1 )(B0,B1), as well as
some of their properties in the case where consumers have no expectations on devaluation. Two
thresholds spring from these properties. Firstly, from proposition 1, the government, after deciding
not to devalue, will devalue if the initial government bond level B0 is lower than b(K0,a0), beyond
which there will be no devaluation. Next, after the bankers decide not to buy government bonds,
the government will default and devalue if the initial government bond level B0 is higher than
¯ b(K0,a0), below which there will be no devaluation and no default.
Second, in order that the one-probability zone exists, we will show that it will be required
that the threshold b(K0,a0) is lower than ¯ b(K0,a0), and then, a suﬃciently high β < 1 can be
found such that the zone exists.
Consider the deﬁnition and properties of (V dd − V nn
1 )(B0,B1) stated in proposition 1. That
is, in proposition 1, for some e high enough, it was proved that given any B1, the diﬀerence
(V dn − V nn
1 )(B0,B1) is a decreasing function in B0, i.e. ∂(V dn − V nn
1 )(B0,B1)/∂B0 < 0, and
that there exists a threshold b(K0,a0) such that (V dn −V nn
1 )(b(K0,a0),B1(b(K0,a0))) = 0 and for
B0 > b(K0,a0), V dn(B0,B1) < V nn
1 (B0,B1) for all B1.
In addition, let us deﬁne now
(V dd − V nn






















1 ≡ cdd(K0,a0) − cnn






Observe that (V dd −V nn










< 0; and that (V dd−V nn
1 )(B0,0) → +∞ as B0 → τα(1)f(K0) ≡
Bdd−nn
0 (0,β). Here, it is easy to prove that ∂(V dd − V nn
1 )(B0,0)/∂B0 = v0(τα(1)f(K0) − B0) > 0
so that there exists a threshold (V dd − V nn
1 )(b(K0,a0,β),0) = 0.
Now, in order the no crisis no devaluation zone exists, we must required that
b(K0,a0) < b(K0,a0,β). (11)
See Figure 1. First, considering B1 = 0 this condition holds since Bdn−nn
0 (0,β) < Bdd−nn
0 (β),
due to θ(e,e)/e < 1. Now increasing B1, observe that Bdn−nn
0 (B1,β) increases (and eventually
exceeds Bdd−nn
0 (0,β)). However, in order that the condition (11) holds, we will require that8
(V dn − V nn
1 )(Bdd−nn
0 ,B1(b(K0,a0))) < 0.
Under this assumption, for a β < 1 suﬃciently high, there exists some level B such that
b(K0,a0) < B < Bdd−nn
0 . In addition, ¯ b(K0,a0,β) is strictly increasing in β and we can set
b(K0,a0,β) as close as Bdd−nn
0 as wished. This means that the no crises zone without devaluation
exists.
[Figure 9 about here.]
A.3 Proof of Proposition 3
Proof. The proof consists in showing that the region exists for all B1.
In the region of crises, π = 1, whatever the bankers do. It can be proved now that the
diﬀerence (V dd − V nn
1 )(B0,B1) is increasing in B1 for a suﬃciently high e.
In proposition 2 it was proved that in the crisis region (V dn − V nn
1 )(B0,B1) < 0 when
(V dd − V nn
1 )(B0,B1) > 0.
Hence gains of default and devaluation for the government increase with the bonds bought
by the bankers.
In addition, in the crises region the government prefers to devalue and default to default and
not devalue for all B1, i.e., (V dd − V nd
1 )(B0,B1) > 0, with
(V dd − V nd










1 ≡ cdd(K0,a0) − cnd







(1−τ)α(0)f(K0)+[r∗a − ann − φ(ann)]e−knd and knd satisﬁes β(1−τ)α(0)θ(e,e)f0(knd) = 1.
A.4 Lemma 1
Proof. If the government prefers not to devalue and not default to devalue and to default, condi-
tioned on keeping a constant debt level, then it certainly does so under the optimal debt policy;
hence, Bs(π) ≤ B(kn,a,π). As π increases, we can use the implicit function theorem to show that
8Observe that this is the same as to require (V dd − V nn
1 )(b(K0,a0),0) < 0.
34Bs(π) decreases, making it more diﬃcult for a non-empty interval b(kn,a) < B ≤ Bs(π) to exist.
Notice that Bs(0) > b(kn,a) implies that, if K0 = kn and B0 = B1 = b(kn,a), then the constraint
V dd − V nn
0 (B,B) ≤ 0 with q = β and K1 = kn is strictly satisﬁed, and hence it is also satisﬁed by
B0 slightly greater than b(kn,a). Since this holds for any π, B(kn,a,π) > b(kn,a).
A.5 Lemma 2
Proof. Consider ﬁrst the case where K0 = kn. Either the maximum of V T(B0) is achieved for some
ﬁnite T or it is not. If it is not, then
V T(B0) = lim
T→∞
V T(B0) > V T(B0)
for all ﬁnite T, and never running down the debt is optimal. We now argue that as B0 increases
above b(kn,a), it can pass through critical points where the optimal T increases by one period. For
b(kn,a) < B0 ≤ b(kn,a)/(1 − π), it is optimal to set T = 1, because the yield from selling b(kn,a),
βb(kn,a), is greater than ˆ βB1 for any b(kn,a) < B1 < B0. As we increase B0, we can pass through
a critical point where the optimal T increases to T = 2. It cannot increase by more, because the
optimal government policy is to steadily decrease B if it is to decrease at all. Therefore, there must
be a region of values of B0 where it is optimal to set T = 2 in between the regions where it is
optimal to set T = 1 and where it is optimal to set T = 3. As we increase B0 even further, we can
increase T, but we can never decrease it. To see why the optimal T can never decrease, observe
that for b(kn,a) < B0 < b(kn,a)/1 − π,
V 1(B0) > V 2(B0) > ··· > V ∞(B0)
By setting T = 1 for B0 in this region, the government can avoid crises without sacriﬁcing
government spending, as every period that it delays is costly. Diﬀerentiating our formula for









￿ ˆ βT−1 ln ˆ β(1 − ˆ β)
(1 − ˆ βT)2
￿
βb(kn,a) − ˆ βB0
￿
< 0











Therefore, if V T(B) ≤ V T∗
(B) for T∗ > T, then for any B∗ > B, V T(B∗) ≤ V T∗
(B∗). Hence, if
it is optimal to reduce the debt from B0 to b(kn,a) in T periods, then for higher B0, it cannot be
optimal to reduce the debt in T − 1 periods.
As π tends to 0, the equilibria tend to those of the zero-probability crisis equilibria. For π
close enough to 0, it is easy to show that there are necessarily regions of B0 with the full range
of possibilities T = 1,2,...∞. Let V (B0,T) = V T(B0) and g(B0,T) = gT(B0 where we think of
T as a continuous variable. We can diﬀerentiate our formula for V T with respect to T. If we can
ﬁnd that for ﬁxed B0 > b(kn,a) and for π small enough, ∂V (B0,T)/∂T > 0 for all T, then we
know that even for discrete T, increasing T yields a higher expected payoﬀ for the government.
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β ln ˆ β
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cnn
0 (kn,0) + v
￿






















1 − ˆ β
)
Fortunately, this formula is easy to interpret. As T tends to ∞, ∂V (B0,T)/∂T tends to 0, because
V (B0,T) tends to V ∞(B0). Even so, we are concerned with the sign of ∂V (B0,T)/∂T. The beneﬁt
of increasing T is that the government can maintain a higher level of government spending, and
this beneﬁt is captured by the ﬁrst term in the formula above. Notice that as π tends to 0, this
beneﬁt remains positive once we factor out ˆ βT−1. The cost of increasing T is that the government
risks crises for more periods, and this cost is captured by the last two terms in the formula above.
Notice that as π tends to 0, this cost goes to zero, even after we factor out ˆ βT−1.
Now ﬁx a B0 > b(kn,a) and a π for which ∂V (B0,T)/∂T > 0 for all T. The optimal
government policy is to set spending equal to g∞(B0) and maintain debt at B0. Our previous
arguments now imply that for any T, there exists some initial B, b(kn,a) < B < B0, for which
the optimal government policy is to run its debt down to b(kn,a) in T periods. We know that for
b(kn,a) < B0 < b(kn,a)/(1 − π), it is optimal to run down the debt in one period. We also know
that for B = B0 > b(kn,a)/(1 − π), it is optimal to never run down the debt. Somewhere between
b(kn,a)/(1 − π) and B0, all other intermediate possibilities must exist.
To rule out the possibility of there being a sudden jump from a ﬁnite T being optimal to it
being optimal to maintain the debt level constant, suppose to the contrary that such a jump does
occur. Then, at the debt level B where this jump occurs, we know that V T(B) = V ∞(B), but
V T∗
(B) < V T(B) for all T∗ > T. Furthermore, V ∞(B∗) > V T(B∗) for all B∗ > B. The continuity








V T(B) > V T+1(B) for all B ≤ ˆ B. Since V T( ˆ B) → V ∞( ˆ B) as T → ∞, however, we know
that there exists a ˆ T > T + 1 suﬃciently great so that V
ˆ T( ˆ B) > V T( ˆ B). Consequently, if we
restrict the government’s choices to the set 1,2,..., ˆ T we know that at B0 = ˆ B it would choose to
run down its debt in ˆ T periods. Our previous arguments now imply that there has to be a region
where B < ˆ B and where it is optimal to run down the debt in T + 1 periods, in particular where
V T+1( ˆ B) > V T(B). This contradiction rules out the possibility of a sudden jump.
For the case when K0 6= kn, a similar variational argument implies that under the optimal
policy, g is constant during the transition to b(kn,a). Furthermore, if instead of (K0,B0) as its
state, the government has (kn,B0+τα(1)(f(kn)−f(K0), where B0+τα(1)(f(kn)−f(K0) < Bs(π),
the government’s problem is unchanged, except that private consumption is diﬀerent in period 0.
Hence, the solution is unchanged.
A.6 Proof Lemma 3
Proof. The characterization of the crisis equilibrium works similarly to that of the no devaluation
equilibrium in Proposition 3. In the no devaluation equilibrium, the stationary debt policy char-
36acterizes optimal government behavior and, implicitly, equilibrium results when the participation
constraint does not bind. In the crisis equilibrium, T(B0) and V T
g (B0) characterize optimal gov-
ernment behavior and, implicitly, equilibrium results when the participation constraint does not
bind.
When the participation constraint does bind, we can use the identical logic as that in the
proof of Lemma 4 to argue that, if K = kn then the equilibrium adjusts to that characterized by
T(B) and V T
g (B) in at most one period; in particular, if B1 > Bs(π), then B2 < Bs(π) and the
government runs down its debt in T(B2) periods starting in the period after K = kn. If K0 = kn,
this is period 1, but if K0 6= kn and if the participation constraint binds in period 1, it is period 2.
We also need to allow for the possibility that K = kn if the government needs to lower either B1
or B2 so much as to satisfy the participation constraints in period 0 or period 1 so that B1 or B2
is less than or equal to ¯ b(kn,a). Otherwise, the proof follows the identical logic as that of Lemma
4. The notation involved in writing out the expressions for V dn
g −V nn
g analogous to those found in
the proofs in Lemma 4 and Proposition 3 is straightforward, but tedious. We omit it here.
A.7 Lemma 4
Lemma 4. For β < 1 suﬃciently close to 1 and ¯ e suﬃciently high, there exists a continuous
and increasing function ¯ B(K0,a0), and a positive debt level Bs, such that ¯ B(K0,a0) > Bs and
¯ B(K0,a0) > ¯ b(K0,a0) for all K0,a0, such that the following occurs:
i) If K0 = kn, and B0 ≤ Bs, then the economy will be in the stationary no devaluation equilib-
rium in which government debt stays constant at its initial debt B0.
ii) If B0 ≤ ¯ B(K0,a0), then the economy converges to the stationary no-default continuation
equilibrium after at most two periods.
iii) If B0 > ¯ B(K0,a0), then the outcome is that of devaluation and default equilibrium.
Proof. Observe that we are going to compare the constraints on the government’s debt that must
be satisﬁed simultaneously in any equilibrium with no default and no devaluation, in the case that
consumers have no expectations on devaluation and bankers buy government bonds
V dd(s,B0,B1) ≥ V nd
0 (s,B0,B1)
V dn(s,B0,B1) ≤ V nn
0 (s,B0,B1)
V dd(s,B0,B1) ≤ V nn
0 (s,B0,B1)
It is easy to show, for β close to one and e suﬃciently high, the two ﬁrst constraints always
hold. First, the government always devalues after a default even in the case that consumers do not
expect a devaluation: given that,
(V dd − V nd









this condition holds if e is suﬃciently high. Second, if the government does not default it never
devalues: for β close to one and e suﬃciently high, the following diﬀerence is always negative
(V dn−V nn



















τα(1)f(kn) − (1 − β)B1)
￿o
37where Hdn−nn
0 ≡ cdn(K0,a0) − cnn
0 (K0,a0).
The previous environment is so close to Cole and Kehoe (1999, Proposition 1) that i)-iii) can
be followed in their proof. We have pointed out the slight diﬀerence shown in our model.
Finally, it remains to prove that the crises zone exists, i.e., ¯ B(K0,a0) > ¯ b(K0,a0). First, we
deﬁne the following diﬀerence
(V dd − V nn
0 )(B0,B1) = Hdd−nn
0 + v
￿
















τα(1)f(kn) − (1 − β)B1
￿o
where Hdd−nn
0 ≡ cdd(K0,a0) − cnn





Next, we will compare the constraints that set both levels (V dd − V nn
1 )(B0,0) and (V dd −
V nn
0 )(B0,B1). We will show that for β < 1 suﬃciently close to one (V dd − V nn
1 )(B0,0) > (V dd −
V nn
0 )(B0,B1) for all B1. Given any B1 > 0, it is veriﬁed (V dd − V nn
0 )(B0,B1) → +∞ as B0 =
τα(1)f(K0)+βB1 is greater than Bdd−nn stated in proposition 2, and in addition it is easy to show
that (V dd − V nn
1 )(B0,0) > (V dd − V nn
0 )(B0,0) given that subtracting both we ﬁnd
(V dd − V nn
0 )(B0,0) − (V dd − V nn
1 )(B0,0) = cnn





1 (knn,ann) − cnn








which is negative for β < 1 suﬃciently close to one. Then, by continuity of (V dd − V nn
0 )(B0,B1)
this means that the one-probability crises zone exists.
38Table 1: Parameters Calibrated without Solving the Model
Parameter value Parameter meaning Source
s = 0.4 Capital Share. Kydland and Zarazaga (2000)
β = 0.963 Discount Factor. 1 year Gov. Securities Treasury bills
α(0) = 0.95 Permanent drop in productivity. Cole and Kehoe (2000)
θ(e,e) = 0.9808 Temporal drop in productivity Investment rate reduction in 2001
π = 0.0473 Devaluation Probability Risk premium of Argentinian Debt
e = 1 Exchange rate pegged to US dollar
e = 1.4 Exchange rate set on January 11, 2002
39Table 2: Parameters Calibrated by Solving the Model
Parameters Calibration Targets
φ1 = 71.54 Adjustment cost Investment rate in 2000 (i/y = 0.18)
φ2 = 4.3478 × 10−5 Adjustment cost Reduction in reserves over GDP (3.42%)
τ = 0.2593 Tax Rate Government spending over GDP in 2000 (g/y = 0.19)
A = 1206 Scale factor External Debt over GDP in 2000 (B/y = 0.45)
δ = 0.0815 Depreciation rate Capital-Output ratio (k/y = 3)
a0 = 3436.9 Initial foreign assets Trade balance surplus (0.41%)
40Table 3: Debt levels and percentage of output.

































Source:Dirección Nacional de Cuentas Nacionales 
1.1: Output.


























Source: Dirección Nacional de Cuentas Nacionales 
1.2: Investment Rate.





























Source:Dirección Nacional de Cuentas Nacionales 
1.3: Trade Balance over output.





















1.4: Debt over output.
Figure 1: Argentinian facts I




























































Figure 4: Devaluation without default.
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Figure 6: Default without expectations.
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Figure 8: Consumer decisions.
49(V dn − V nn)(B0,0)







Figure 9: The no crises without devaluation zone upper threshold ¯ b(K0,β), and the (V dn −
V nn
1 )(B0,B1) function evaluated at B1 = 0.
50